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CIRCUIT BOARD WITH A
HEAT-CONDUCTING ELEMENT

BACKGROUND OF THE INVENTION

The invention relates to a circuit carrier, in particular one
that 1s planar, with at least one, 1n particular fiber-reinforced,
clectrically insulating layver and at least one electrically
conductive layer. The circuit carrier has at least one ther-
mally conductive element, designed to conduct heat, that 1s
positioned within the electrically insulating layer, in particu-
lar at least partially or completely embedded therein. The
thermally conductive element 1s designed to transport excess
heat transversely to a planar extent of the circuit carrier. The
circuit carrier, designed to be planar, has a widthwise extent

that 1s greater than a thickness-wise extent of the circuit
carrier transverse to the widthwise extent thereof.

SUMMARY OF THE INVENTION

According to the invention, the thermally conductive
clement has at least two sub-elements that are each formed
from a metal body. Preferably, the thermally conductive
clement has a connecting layer that 1s designed to be
clectrically insulating. The connecting layer 1s positioned
between the sub-elements and 1s designed to electrically
insulate the sub-elements from one another and to connect
the sub-eclements to one another 1n a thermally conductive
mannet.

Heat, in particular excess heat, may thereby advanta-
geously tlow from one sub-element to the other sub-element,
the sub-elements advantageously being electrically insulated
from one another. In this way a connecting arrangement, for
example, may be formed, wherein a component that gener-
ates excess heat, for example a semiconductor component, 1s
connected to the circuit carrier, the semiconductor compo-
nent being positioned 1n the region of the thermally con-
ductive element. The thermally conductive element may, via
a sub-eclement, advantageously absorb the excess heat gen-
crated by the semiconductor component and relay it to the
additional sub-element via the connecting layer. The excess
heat may then advantageously be transierred from the addi-
tional sub-element to a cooling element, which 1s connected
to the additional sub-element 1n a thermally conductive
manner. The thermally conductive connection between the
additional sub-element and the cooling element 1s preferably
a cohesive connection formed from metal. In this way the
semiconductor component, which 1s connected to the afore-
mentioned sub-element electrically and in a thermally con-
ductive manner, may advantageously be electrically 1nsu-
lated from the heat sink, i particular from the cooling
clement.

Preferably, the thermally conductive element has an areal
heat capacity that 1s higher than that of the electrically
conductive layer, 1n particular the mterconnect of the circuit
carrier, with respect to a planar extent of the circuit carrier.
The excess heat may thereby advantageously be guided
though the circuit carrier along 1ts thickness-wise extent that
1s transverse to the planar extent. Preferably, the thermally
conductive element additionally has a thickness-wise extent
that 1s greater than that of the electrically conductive layer.

The circuit carrier 1s preferably designed to be planar. It
1s additionally preferable for the circuit carrier to have a
widthwise or lengthwise extent that 1s greater than a thick-
ness-wise extent.

The connecting layer of the thermally conductive element
preferably extends 1n a coplanar manner to the circuit carrier.
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In this way the thermally conductive element may advan-
tageously electrically insulate the heat conduction pathway
through the circuit carrier.

In one preferred embodiment, the sub-elements are each
formed from a block of copper. In this way the thermally
conductive element may advantageously exhibit high ther-
mal conductivity, which in the case of copper is at least 250
watts per meter kelvin, and 400 watts per meter kelvin 1n the
case of electrolytic copper.

In another embodiment, the sub-element 1s formed from
silver. In this way the circuit carrier may advantageously
exhibit good thermal conductivity and thus greater power
density, and advantageously also be of compact construc-
tion.

In one preferred embodiment, the thickness dimension of
the thermally conductive element, in particular of the sub-
clement, 1s greater than that of the electrically conductive
layer. The electrically conductive layer is preferably bonded
to the electrically insulating layer, for example a fiber-
reinforced epoxy resin layer created from a prepreg, by
means ol lamination.

In this way the thermally conductive element may have an
areal heat capacity that 1s higher than that of the electrically
conductive layer, 1n each case with respect to a surface of the
circuit carrier along 1ts planar extent.

In one preferred embodiment, the connecting layer 1s
designed to be adhesive. It 1s additionally preferable for the
connecting layer to have an adhesive and it 1s preferably
designed to be self-adhesive. The connecting layer prefer-
ably comprises a plastic layer, with additional preference a
polyamide layer or polyimide layer, which may, for
example, be formed from a film. The plastic layer preferably
forms a carrier layer which 1s bonded to at least one,
preferably two, adhesive layers. Preferably, the two adhesive
layers include the plastic layer between them. The plastic
layer may thereby advantageously be adhesively bonded to
the sub-element via one of the two adhesive layers and be
adhesively bonded to the other of the two sub-elements via
the second adhesive layer. The adhesive layer 1s preferably
formed from a dispersion adhesive, 1n particular an acrylic
adhesive. In another embodiment, the adhesive layer is
formed from a layer of resin. The plastic layer may, for
example, be adhesively bonded to the sub-elements under
the eflect of pressure and temperature. The resin 1s, for
example, epoxy resin.

The connecting layer 1s, for example, formed from a PSA
(pressure-sensitive adhesive). The thermally conductive ele-
ment may thus advantageously be provided at low cost.

The thermally conductive element may thus advanta-
geously be formed from an insert part. The insert part may
thus advantageously be created at low cost, preferably as an
isert part produced separately from the circuit carrier. The
sub-elements may advantageously be adhesively bonded to
one another before insertion of the thermally conductive
clement mto a recess, corresponding to the thermally con-
ductive element, in the circuit carrier and thus be inserted
into the recess as sub-elements adhesively bonded together.

In one preferred embodiment, the connecting layer 1s a
ceramic layer. The ceramic layer preferably comprises alu-
minum oxide, beryllium oxide, silicon carbide, boron car-
bide or boron nitride.

Preferably, the thermally conductive layer 1s advanta-
geously formed from a DBM (direct-bonded metal) sub-
strate, 1n particular a DBC (direct-bonded copper) substrate.
The bond between the sub-element and the connecting layer
that 1s formed from ceramic 1s preferably a eutectic bond.
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The sub-eclements may thus advantageously be cohesively
connected to the connecting layer.

Both sub-clements are, for example, formed from copper
or aluminum, or one sub-element 1s formed from copper and
the other 1s formed from aluminum.

The atorementioned eutectic bond may, for example, be
created by oxidizing the sub-elements, i particular copper
or aluminum elements, on one side and, with the metal oxide
layer created in this way, pressing them against the connect-
ing layer, in particular a ceramic layer. During the pressing
process, the connecting layer, in particular a ceramic layer,
and the at least one sub-element are heated to at least 1000
degrees Celsius. This may advantageously result 1n a ther-
mally conductive element being created that advantageously
exhibits high strength and, also advantageously, 1s able to
withstand a large number of alternating temperature loads
without delaminating.

In one preferred embodiment, the thermally conductive
clement 1s an HTCC (high-temperature co-fired ceramic)
substrate. In this way the thermally conductive element may
advantageously be formed with high thermal conductivity 1in
addition to good electrical msulation properties.

In another, advantageous embodiment, the thermally con-
ductive element 1s formed from an AMB (active-metal-
brazed) substrate. The AMB substrate preferably comprises
at least one copper layer and at least one ceramic layer, 1n
particular aluminum oxide, silicon nitride, aluminum nitride
or beryllium oxide. In this way the thermally conductive
clement may advantageously exhibit high thermal conduc-
tivity. The ceramic layer of the AMB substrate 1s brazed to
the copper layer by means of a solder paste.

In one preferred embodiment, the circuit carrier has at
least one additional electrically insulating layer, wherein at
least one electrically conductive layer of the circuit carrier
and the thermally conductive element include the additional
clectrically insulating layer between them. The thermally
conductive element 1s connected to the electrically conduc-
tive layer 1n a thermally conductive manner by means of at
least one thermally conductive metal bridge that passes
through the additional electrically insulating layer. The
thermally conductive metal bridge 1s preferably formed from
a via, i particular a galvanically formed via. In this way the
circuit carrier may advantageously be formed by means of
lamination from multiple prepreg layers. The aforemen-
tioned electrically conductive layer, which 1s connected, in
particular cohesively connected, to the thermally conductive
clement, in particular to a sub-clement of the thermally
conductive element, by means of the metal bridge, prefer-
ably extends parallel to a surface of the thermally conductive
clement facing the electrically conductive layer.

In one preferred embodiment of the circuit carrier, the
metal bridge 1s formed from a via, 1 particular a galvani-
cally formed via. In another embodiment, the via 1s created
by thermal spraying, in particular plasma spraying, or
HVOF (high-velocity oxy-fuel) spraying. In this way the
metal bridge may advantageously be positioned 1n an open-
ing formed 1n the electrically insulating layer.

In one advantageous embodiment, the electrically con-
ductive layer has a slot or opening for the thermally con-
ductive element. The thermally conductive element advan-
tageously passes through the electrically conductive layer
and extends up to a surface of the electrically conductive
layer. In this way the circuit carrier advantageously requires
no aforementioned metal bridge designed to connect the
thermally conductive element, 1n particular at least one
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sub-clement of the thermally conductive element, to the
clectrically conductive layer in a thermally conductive man-
ner.

In one preferred embodiment of the circuit carrier, the
connecting layer 1s formed from a thermally conductive
adhesive. The thermally conductive adhesive preferably has
an adhesive matrix formed from epoxy resin or a silicone
clastomer. It 1s additionally preferable for the thermally
conductive adhesive to contain particles, in particular par-
ticles of ceramic. The ceramic particles are preferably par-
ticles of boron nitride, of aluminum oxide or of boron
carbide. In this way the thermally conductive element may
advantageously be produced at low cost.

The invention also relates to a connecting arrangement,
comprising a circuit carrier of the type described above. The
connecting arrangement has at least one semiconductor
component that 1s connected to the electrically conductive
layer, 1t additionally being preferable for the connecting
arrangement to have a heat sink, in particular a cooling
clement or a heat-spreading element. The circuit carrier 1s
connected, 1n a thermally conductive manner, to the cooling
clement on a side of the circuit carrier that 1s facing away
from the semiconductor component. In this way the excess
heat may advantageously be transported away from the
semiconductor component, 1n particular a power semicon-
ductor component, to the heat sink, formed from the cooling
clement, the semiconductor component being electrically
insulated from the cooling element. The semiconductor
component and the cooling element are each connected, for
example soldered, to the circuit carrier, and positioned on
opposite sides of the circuit carrier to one another.

The invention also relates to a method for guiding excess
heat away from a semiconductor component through a
circuit carrier, in particular through a circuit carrier of the
type described above, to a heat sink, 1 particular to a
cooling element. In the method, the excess heat 1s guided
away from the semiconductor component to an electrically
conductive layer connected, 1n particular soldered, to the
semiconductor component. In addition, the excess heat
passes, 1n particular, via at least one thermally conductive
metal bridge through at least one electrically insulating layer
and 1s guided to a thermally conductive element which 1s
embedded in the at least one electrically insulating layer and
which 1s cohesively connected to the metal bridge. In
addition, the excess heat 1s transferred from the thermally
conductive element to an additional electrically conductive
layer via at least one additional metal bridge and from there
to the heat sink, in particular to a cooling element.

Preferably, the thermally conductive element has at least
two sub-clements, each formed from a metal body and
connected to one another via an electrically insulating
connecting layer, wherein one sub-element 1s connected to
the metal bridge and the other sub-element of the two
sub-clements 1s connected to the additional metal bridge 1n
a thermally conductive manner, so that the excess heat may
flow from the semiconductor component to the cooling
clement through the connecting layer.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be explained below with reference
to figures and further exemplary embodiments. Further
advantageous embodiments may be obtained from the fea-
tures described 1n the figures and in the dependent claims.
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FIG. 1 shows one exemplary embodiment of a step in the
method for producing a circuit carrier formed from multiple

layers, wherein an opening 1s punched into the circuit
carrier:;

FIG. 2 shows the circuit carrier shown in FIG. 1, wherein,
in an additional method step, a thermally conductive ele-
ment 1s mserted mto the opening;

FIG. 3 shows the circuit carrier produced m FIG. 2,
comprising the thermally conductive element;

FIG. 4 shows the circuit carrier represented 1 FIG. 3,
wherein the thermally conductive element 1s connected to an
clectrically conductive layer of the circuit carrier via metal
bridges that pass through an electrically insulating layer;

FIG. 5 shows a connecting arrangement comprising the
circuit carrier shown 1n FIG. 4, wherein the circuit carrier 1s
connected to a heat sink and to a semiconductor component;

FIG. 6 shows a top view of the circuit carrier represented
in FIG. 4;

FIG. 7 shows one variant of a connecting arrangement
comprising a circuit carrier, wherein the thermally conduc-
tive element extends through at least one outer electrically
conductive layer and terminates with a surface of the elec-
trically conductive layer.

DETAILED DESCRIPTION

FIG. 1 shows one exemplary embodiment of a step in the
method for producing a circuit carrier formed from multiple
layers. In the method step shown i FIG. 1, a recess or
opening 1s made, using a punching tool 23 or a drilling tool
(not shown 1n FIG. 1), 1n a portion of the circuit carrier,
which circuit carrier comprises an electrically insulating
layer 2, on a surface region 24 that 1s smaller than a surface
region of the electrically insulating layer 2.

In the example shown in FIG. 1, the electrically insulating
layer 2 1s bonded to additional electrically conductive layers
5, 6,7 and 8, and thus forms a core of a circuit carrier formed
from multiple layers.

FIG. 2 shows a method step wherein a thermally conduc-
tive element 12 1s inserted into the openming 9 previously
made in the method step shown in FIG. 1. The thermally
conductive element 12 has two sub-elements 13 and 14, each
being connected to one another, 1n a thermally conductive
manner, by means of a connecting layer 15 and electrically
insulated from one another.

FIG. 3 shows the portion of the circuit carrier shown in
FIGS. 1 and 2, wherein the thermally conductive element 12
1s mserted into the opening 9 represented 1n FIG. 2.

FIG. 4 shows the circuit carrier 1. The circuit carrier 1 has,
in an additional method step, an electrically insulating layer
3 that 1s laminated onto the portion of the circuit carrier
shown 1n FIG. 3. In addition, at least one via, three vias 1n
this exemplary embodiment, are produced 1n the electrically
insulating layer 3, one via 16 of which is referenced by way
of example. In this exemplary embodiment the vias are each
formed from a metal bridge, 1n particular a metal bridge
taking the form of a cylinder.

The circuit carrier 1 shown 1n FIG. 4 also has an electri-
cally conductive layer 10, which 1s laminated onto the
clectrically msulating layer 3. The vias, such as the via 16,
are each designed to connect the electrically conductive
layer 10 and the sub-element 13 of the thermally conductive
clement 12 to one another both electrically and 1n a ther-
mally conductive manner.

On a side of the electrically isulating layer 2 that 1s
facing away from the electrically insulating layer 3, an
clectrically msulating layer 4 i1s bonded to the electrically
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insulating layer 2 by means of lamination. At least one via,
three vias 1n this exemplary embodiment, are produced in
the electrically insulating layer 4, one via 17 of which 1s
referenced by way of example. The vias, such as the via 17,
are each formed from a metal bridge, for example a metal
bridge produced by electroplating or thermal spraying. The
vias, such as the via 17, are connected to the sub-element 14
clectrically and 1n a thermally conductive manner. The vias,
such as the via 17, are connected to an electrically conduc-
tive layer 11, which 1s bonded to the electrically insulating
layer 4.

The electrically conductive layers 10 and 11 are thus each
connected to a sub-element of the thermally conductive
clement 12 1 a thermally conductive manner and electri-
cally insulated from one another. Thus, with the circuit
carrier 4, a sesmiconductor component may be soldered onto
the electrically conductive layer 10 and a cooling element,
serving as a heat sink, may be soldered onto the electrically
conductive layer 11.

FIG. § shows a connecting arrangement in which the
circuit carrier 1 1s soldered to a semiconductor component
21 and to a heat sink, formed from a cooling element 20. The
clectrically conductive layer previously shown in FIG. 4 1s
bonded to the semiconductor component 21 by means of a
layer of solder 18. The semiconductor component 21 is, for
example, formed from a diode or a semiconductor switch, 1n
particular a field-eflect transistor. The semiconductor switch
1s, Tor example, formed from an unpackaged semiconductor
switch, also referred to as bare die, or from a packaged
semiconductor switch.

The cooling element 20 1s, 1n this exemplary embodiment,
formed from a block of copper. Fluid channels are formed 1n
the copper block, one fluid channel 22 of which 1s referenced
by way of example. The cooling element 20 1s, 1n this
exemplary embodiment, bonded to the electrically conduc-
tive layer 11 by means of a layer of solder 19. The cooling
clement 20 1s positioned opposite the semiconductor com-
ponent 21 on the circuit carrier 1, so that excess heat 235
generated by the semiconductor component 21 may tlow
from the semiconductor component 21, through the layer of
solder 18, the electrically conductive layer 10 and the vias,
such as the via 16, to the sub-element 13 of the thermally
conductive element 12. In addition, the excess heat 25 may
flow through the connecting layer 15 to the sub-element 14
and from there through the vias, such as the via 17, to the
clectrically conductive layer 11, and from there onward
through the layer of solder 19 to the cooling element 20,
serving as a heat sink. The excess heat may be guided away
by a cooling fluid, for example cooling water, guided 1n the
fluid channels, such as the flud channel 22, of the cooling
clement 20.

The cooling element 20 may, instead of having the fluid
channels, have cooling fins designed to dissipate the excess
heat 25 by means of convection.

FIG. 6 shows a top view of the circuit carrier 1 previously
shown 1n FIG. 3. The surface region 24 of the thermally
conductive element 12 1s smaller than the surface region of
the electrically msulating layer 2 along a planar extent of the
circuit carrier.

FIG. 7 shows one variant of the connecting arrangement
previously shown in FIG. 5. The connecting arrangement
according to FIG. 7 has a circuit carrier 26 that 1s bonded to
the semiconductor component 21 by means of a layer of
solder 18 and to the cooling element 20 by means of a layer
of solder 19. The circuit carrier 26 is, in the exemplary
embodiment shown 1n FIG. 4, formed from multiple layers
and comprises an mner electrically insulating layer 2, addi-
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tional electrically conductive layers 5, 6, 7 and 8 that are
bonded to the electrically insulating layer 2 and two addi-
tional electrically insulating layers 3 and 4 that include the
clectrically insulating layer 2 between them. The electrically
isulating layer 3 1s bonded to an electrically conductive
layer 10 and the electrically msulating layer 4 1s bonded to
an electrically conductive layer 11. The electrically conduc-
tive layers 10 and 11 thus include the aforementioned
clectrically mnsulating layers 2, 3 and 4 and the electrically
conductive layers 5, 6, 7 and 8 between them—in particular
in a sandwich-like manner. In the circuit carrier 26 thus
formed, a recess, an opeming 27 in this exemplary embodi-
ment, may be made by means of a punching tool 23 or a
drilling tool 1n accordance with the method step shown 1n
FIG. 1. The thermally conductive element 12 may then be
inserted into the opening 27 1n accordance with the method
step shown 1n FIG. 2. The thermally conductive element 12
has, 1n the exemplary embodiment shown in FIG. 7, the
same thickness-wise extent 28 as the circuit carrier 26
formed from multiple layers.

The semiconductor component 21 extends, 1n this exem-
plary embodiment, both over the sub-element 13 and over a
portion of the electrically conductive layer 10. The semi-
conductor component 21 1s thus soldered to the electrically
conductive layer 10 and to the sub-element 13 by means of
the layer of solder 18.

The semiconductor component 21 has, 1n this exemplary
embodiment, an electrical terminal that 1s formed from a
surface region ol the semiconductor component 21. The
surface region of the semiconductor component 21 1s elec-
trically connected to the electrically conductive layer 10 via
the layer of solder 18 and connected to the sub-clement 13
both electrically and 1n a thermally conductive manner via
the layer of solder 18, so that excess heat 25 generated by the
semiconductor component 21 may be transferred to the
sub-element 13. The excess heat 25 may be transferred
through the electrically insulating layer 15 to the sub-
clement 14 and from there through the layer of solder 19 to
the cooling element 20. The cooling element 20 1s, for
example, formed from a copper cooling element or from an
aluminum cooling element. The sub-elements 13 and 14 are
cach formed from a block of metal, for example a block of
copper or of aluminum.

The 1nvention claimed 1s:

1. A circuit carrier comprising at least one fiber-reinforced
clectrically insulating layver and at least one electrically
conductive layer, wherein the circuit carrier includes at least
one thermally conductive element, configured to conduct
heat, that 1s embedded 1n a recess 1n the electrically insu-
lating layer so as to be in contact with the electrically
insulating layer, which element i1s configured to transport
excess heat transversely to a planar extent of the circuit
carrier, wherein the thermally conductive element includes
at least two sub-elements that are each formed from a metal
body and a connecting layer that 1s electrically insulating,
wherein the connecting layer 1s positioned between the
sub-elements and 1s configured to electrically insulate the
sub-elements from one another and to connect the sub-
clements to one another 1n a thermally conductive manner,
wherein the thermally conductive element 1s a direct-bonded
metal substrate, and wherein the sub-element 1s eutectically
bonded to the connecting layer formed from ceramic.
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2. The circuit carrier as claimed 1n claim 1, characterized
in that both sub-elements are made of copper.

3. The circuit carrier as claimed 1n claim 1, characterized
in that both sub-elements are made of aluminum.

4. The circuit carrier as claimed 1n claim 1, characterized
in that one of the sub-elements 1s made of copper and the
other of the sub-elements 1s made of aluminum.

5. The circuit carrier as claimed 1n claim 1, characterized
in that the sub-eclements have a greater thickness than the
connecting layer.

6. The circuit carrier as claimed 1n claim 1, characterized
in that at least one electrically conductive layer of the circuit
carrier and the thermally conductive element include an
additional electrically 1nsulating layer between them,
wherein the thermally conductive element 1s connected to
the electrically conductive layer 1in a thermally conductive
manner by at least one thermally conductive metal bridge
that passes through the additional electrically insulating
layer.

7. The circuit carrier as claimed 1n claim 6, characterized
in that the metal bridge 1s formed from a via.

8. The circuit carrier as claimed 1n claim 1, characterized
in that the electrically conductive layer 1s bonded to the
clectrically isulating layer by lamination.

9. The circuit carrier as claimed 1n claim 8, wherein the
clectrically 1nsulating layer 1s a fiber-reinforced epoxy resin
layer created from a prepreg.

10. The circuit carrier as claimed in claim 1, wherein the
thermally conductive element embedded in the recess
formed 1n the electrically insulating layer 1s 1n contact with
the electrically insulating layer, and wherein the electrically
insulating layer 1s a fiber-reinforced epoxy resin layer.

11. A connecting arrangement comprising a circuit carrier
as claimed 1n claim 1, wherein the connecting arrangement
has at least one semiconductor component connected to the
clectrically conductive layer and the circuit carrier 1s con-
nected, in a thermally conductive manner, to a heat sink on
a side of the circuit carrier that 1s facing away from the
semiconductor component.

12. A method for guiding excess heat away from a
semiconductor component to a heat sink through the circuit
carrier as claimed 1n claim 1, wherein the excess heat 1s
guided away from the semiconductor component to an
clectrically conductive layer soldered to the semiconductor
component, and passes via at least one thermally conductive
metal bridge through at least one electrically insulating layer
and 1s guided to a thermally conductive element which 1s
embedded in the at least one electrically insulating layer and
which 1s cohesively connected to the metal bridge, and 1s
transferred from the thermally conductive element to an
additional electrically conductive layer via at least one
additional metal bridge and from there to the heat sink,
wherein the thermally conductive element has at least two
sub-clements, each formed from a metal body and connected
to one another via an electrically insulating connecting layer,
wherein one sub-element 1s connected to the metal bridge
and the other sub-element of the two sub-elements 1s con-
nected to the additional metal bridge 1n a thermally conduc-
tive manner, so that the excess heat may flow from the
semiconductor component to the heat sink through the
connecting layer.
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